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EMERGENCE,ATTACKDENSITIES, ANDMOSTRELATIONSHIPS
FORTHE DOUGLAS-FIRBEETLE(DENDROCTONUSPSEUDOTSUGAE

HOPKINS) IN NORTHERNCOLORADO

E. I). Lcssard'andJ. M. Schinicl-

AbstraCT. —Douglas-fir beetle-infested Doiiglas-fir trees were partially eaged to deteniiine the emergenee period

and beetle production. Beetles began emerging in April, but emergence peaked between 10 and 26 June. In 1987 and
1988 beetle emergence averaged 20 or more per sq. ft. of bark. Annual growth of the infested trees showed a decline

prior to the beetle outbreak followed by an increase during the outbreak.

The Douglas-fir beetle, Dcndroctonus
pseudotsugae Hopkins, is usually an insignifi-

cant pest of Douglas-fir (Pseudotsugae men-

ziesii [Mirb.] Franco) in the Front Range of

Colorado. The beetles life cycle generally

lasts one year, although a partial second gen-

eration has been noted in other parts of its

range. The beetle prefers windthrown trees

but will infest standing trees during droughts

or high population levels (Wood 1963). Stand-

ing trees also become more susceptible to

infestation by the Douglas-fir beetle after

severe defoliation bv insects (Wright et al.

1984).

In 1972 western spruce budworm (Choris-

toneura occidentalis Freeman) populations

began to increase in Roosevelt National

Forest west of Fort Collins. Defoliation was

noticeable, moderate, and limited to 3500

acres (1378 ha) in 1974 (Minnemeyer 1974),

but by 1976, 54,000 acres (21,260 ha) were
moderately to severely defoliated. Parts of

Poudre Canyon, the location in this study,

were severely defoliated (Cresap 1976). In

1977, the area of severe defoliation more than

doubled on the forest (115,840 acres [45,606

ha]). Defoliation continually increased from
1977 until 1983, reaching a maximum of

469,000 acres (184,646 ha) (see Raimo 1983).

Defoliation in Poudre Canyon, while noted as

early as 1976, was confined to particular por-

tions and was not extensive throughout until

1980 (see Linnane 1977, 1981). Thereafter, it

was extensive and moderate to severe on most
north-facing slopes until 1983-84.

Although the acreage of moderately to

severely defoliated stands progressively in-

creased from 1977 to 1983, egg mass densities

peaked in 1980, four years prior to the maxi-

mumacreage defoliation, and had declined

substantially by 1984 (see Raimo 1983, 1984).

By 1985 population levels became endemic,
with only light defoliation visible.

As the budworm outbreak subsided,

Douglas-fir beetle populations began to in-

crease. Scattered groups of faded trees were
observed in the mid-1970s. Subsequently,

beetle-killed Douglas-fir have increased both

in numbers and in geographic extent (J. M.
Schmid, personal observation). Numerous
stands of Douglas-fir on north-facing slopes

suffered significant tree mortality.

Because tree mortality became significant

and our knowledge of the life history and
habits of the Douglas-fir beetle in Colorado

was deficient, the current infestations pro-

vided an opportunity to learn more about the

beetle s life history and habits in Douglas-fir

stands in Colorado and expanded our knowl-

edge of the geographic variation in these

aspects of the beetle s biology.

Methods

To monitor beetle emergence, we attached

1 X 2-ft. (.3 X .6-m) wire screen emergence
cages to infested trees in Poudre Canyon
west of Fort Collins, Colorado, in late Febru-
ary 1987. Two cages were attached at breast

height on each of five randomly selected
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1986-infested trees at each of three locations:

the Narrows, Pingree Park road turnoff, and

near BM6998 (east of Indian Meadows). On
April 3 another five trees near Crystal Lakes

(northwest of Red Feather Lakes) were caged

in the same manner.

To monitor emergence in 1988, we at-

tached cages, as described above, to five 1987-

infested trees on each of four sites: near Crys-

tal Lakes (northwest of Red Feather Lakes)

and in Poudre Canyon in late September

1987, and also near CammanSprings (south of

Poudre Canyon) and near Black Mountain

(north of Red Feather Lakes) in late October.

Cages were attached at breast height for

practical purposes. Furniss (1962) recom-

mended sampling for attack and brood densi-

ties at the midpoint on the bole because attack

densities were twice as great there as at breast

height, attack success was greatest in the mid-

point zone, and live brood was greater. Fur-

niss worked on standing trees that averaged

20 inches in diameter at breast height and

ranged in height from 79 to 162 ft.; the sam-

pling point on the average tree was thus 40 ft.

or more aboveground. In contrast, our trees

averaged 15 inches in diameter at breast

height with trees only at the Pingree Park

road site averaging 20 inches; tree height

ranged from 34 to 88 ft. Although Furniss

recommended sampling at or near the mid-

point of the bole, it should be noted that he

felled his trees for sampling and did not ex-

tract his samples from standing trees. In addi-

tion, the zone of optimum sampling is lower

on smaller trees in the southern portion of

the trees' range, i.e., southern Utah, than in

Idaho, where Furniss did his study. Because

our trees were smaller and were not to be

felled, the terrain was difficult at some sites,

and there was no evidence to suggest that

the beetle s emergence pattern varied with

height, we attached cages at breast height.

During 1987 and 1988, cages were checked

at one- to two-week intervals from 1 April to

1 July. After I July, cages were checked at

irregular intervals tlnough September. Dur-

ing each check period, the number of emerg-

ing adults was recorded for each cage, and
observations were made on the discoloration

of foliage on the infested trees.

The density of emerging beetles per sci. ft.

(.09 m") of bark siuface was determined by

dividing the total number of beetles emerging

in each cage by the surface area covered by
each cage (ca. 2 sq. ft. [.18 m~]). Beetle num-
bers were subjected to one-way analysis of

variance to determine if differences among
locations were significant (alpha = .05).

Beetle numbers at breast height were also

tested against their respective tree diameters

to determine if beetle production was related

to tree diameter (DBH). For each year, tree

diameters were grouped into three classes,

and beetle numbers among diameter classes

were tested for significant differences using

analysis of variance (alpha = .05). For 1987

the diameter classes in inches (cm) were:

7.5-9.6 (19-24), 11.2-15.7 (31-61) and
16.2-24.3 (41-62). For 1988 diameter classes

were: 9.3-12.5 (24-32), 12.6-13.3 (32-34),

and 13.4-18.0 (34-46). Diameter classes dif-

fered between 1987 and 1988 because the

diameters of the infested trees were different.

A one-way ANOVAwas used because all

diameter classes were not equally present on

all locations.

Population trend was evaluated by dividing

the density of emerging beetles by twice the

density of attacks (this assumes a pair of

beetles creates each attack). When the ratio

of emerging beetle density to attack density

exceeds one, the beetle population is increas-

ing. When the ratio is less than one, the popu-

lation is decreasing.

The density of beetle attacks on standing

trees was determined by removing 6 x 12-

inch (15 X 30-cm) bark samples from or near

breast height. Two samples were removed
from each 1986-infested tree in late October

1987. Two samples from each 1987-infested

tree were removed in late September 1987.

The bark samples from 1987-infested trees

were also used to determine brood density

and stage of development.

To determine past growth rates of the 1986-

infested trees, we extracted increment cores

from the caged trees at breast height. Annual
radial growth for each of the last 20 years

was measured to .001 inch (.03 mm). Mean
annual growth was determined for all trees

from each of the four locations. Annual growth

during the three preceding five-year periods

(1972-76, 1977-81, 1982-86) was analyzed

for significant differences in the periodic

growth rate using one-way analysis of \'ariance

(alpha - .05). Separate one-way analysis of

variance was used for each location because
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Fig. 1. Total number of Douglas-fir beetles emerging from five trees at fom- loeatit)ns in the Arapaho-Koosex-elt

National Forest, Colorado, in 1987 and 1988.

the variability in site and stand conditions

would not yield meaningful results in a more
complex statistical design testing for differ-

ences among locations and their interactions.

Periodic growth for the five-year periods

was also used to compute Mahoney's PGR
(Mahoney 1978), which is the ratio of the

growth for one five-year period to the growth

for the previous five years.

Whenanalysis of variance indicated signifi-

cant differences among the means, Tukey's

test was used to determine which means were
different (alpha = .05) (Steel and Torrie 1960).

Results and Discussion

Emergence. —Adults began emerging in

mid-April of both years (Fig. 1), continuing to

emerge at low rates until early June. Emer-
gence peaked between 10 and 26 Jtme in both
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Table 1. Mean number of Douglas-fir beetles emerging per sq. ft. (.09 m") of bark for several locations in the

Arapaho-Roosevelt National Forest. Within the same year, means followed by the same letter are not significantly

different (alpha = .05).
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Tablk 3. Mean annual radial growth in .001 inch (.025 cin) for the periods 1972-76, 1977-81, and 1982-86 for

the four 1987 locations. Within the sanu' loeation, means followed bv the same letter are not significautlv different

(alpha .05).
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